Background: Cancer-related fatigue (CRF) is experienced by 50% to 90% of cancer patients and can severely affect their quality of life and functional capacity. Several randomized trials have recommended various ways to alleviate the symptoms of CRF with or without recourse to medications. Objective: The aim of this study is to evaluate the effectiveness of processed honey and royal jelly on the symptoms of CRF in cancer patients who are undergoing hormone therapy, chemotherapy, chemo-radiation, or radiotherapy. Methods: Fifty-two participants from the patients who visited the oncology clinic of Shohada-e-Tajrish hospital in Tehran (Iran) between May 2013 and August 2014 were selected and divided into two groups. The study group (26 patients) received processed honey and royal jelly, while the control group received pure honey. Both groups were instructed to consume their 5mL supplement twice daily for 4 weeks. Both groups were assessed at the beginning of the study, after 2 weeks, and then at the end of 4 weeks of treatment. Fatigue was measured using a visual analogue fatigue scale (VAFS) and fatigue severity scale (FSS). The results were compared between the two arms of study, and equality of probability distributions was assessed using a Kolmogorov-Smirnov test. Results: The mean age of the 52 patients was 54.84. After two and four weeks of treatment with processed honey and royal jelly, VAFS and FSS due to treatment was better in the study group than in the control group, and the
Introduction
Cancer-related fatigue (CRF) is a common and treatable symptom, reported in 50%-90% of patients. It can severely affect numerous aspects of the cancer patient's quality of life and functional capacity (1, 2). Many cancer patients complain of fatigue as one of the most challenging problems related to cancer (3) . Early diagnosis and management of this stressful symptom is of great importance; it is often unreported and consequently does not receive adequate treatment (3) . As a result, many patients report that CRF has had profound emotional, mental, physical, and social effects on the quality of their lives. CRF is rarely an isolated symptom and most commonly occurs with other symptoms such as pain, distress, anemia, and sleep disturbances, and it should be diagnosed only after ruling out all other reasons for fatigue, such as treatment complications and especially cancer progression as well as treatable conditions such as hypothyroidism, anemia, and depression (4-6). As patients often experience multiple symptoms that may vary according to diagnosis, treatment, and stage of disease, and because of the significant effects of psychosocial and cultural differences on expressing symptoms by different individuals, exact prevalence of CRF among cancer patients is difficult to determine. However, based on various studies, it is estimated that 60%-96% of cancer patients in treatment experience fatigue, including 60%-93% of those on radiotherapy and 80%-96% of those on chemotherapy (including immune-modulators such as interleukin and interferon) (5) (6) (7) (8) (9) (10) (11) (12) . For many cancer survivors, fatigue can persist for 5 to 10 years after treatment (2, 3) . The pathophysiology of CRF has not been adequately elucidated. Anemia, depression, anxiety, immobility, chemotherapy, radiation therapy, and the cancer itself have been shown to contribute to CRF (13) . Management of CRF should start with determination of the causative mechanisms of fatigue in oncology patients and addressing the treatable issues such as hypothyroidism, anemia, and depression. Due to the absence of a clear etiology for CRF, combined treatment to reduce symptoms of physical and mental fatigue for cognitive impairment patients should be used (14) . It must be mentioned that the treatment should be initiated early to prevent CRF from turning into a chronic problem. Several randomized trials have recommended various ways to alleviate the symptoms of CRF with or without recourse to medications. Nonpharmacological methods usually include psychosocial interventions (such as cognitive behavioral therapeutic approaches) and physical exercise. Several pharmacologic interventions (mainly psychiatric medications) have been recommended for treating CRF; however, there is still no robust data to support the routine use of such medications for this disorder (12) (13) (14) . Several other studies have evaluated the effects of various food supplements and herbal medication on CRF. Royal jelly is a honey bee secretion that is used in the nutrition of larvae as well as adult queens. The overall material is composed of water (67%), crude protein (including small amounts of many different amino acids), monosaccharides, and a relatively high amount of fatty acids. It also contains many trace minerals, some enzymes and antibacterial and antibiotic components but is void of fat-soluble vitamins, A, D, E and K. Several studies so far have shown antioxidant (15) (16) (17) (18) , immune-modulatory (19) (20) (21) (22) , and anti-tumoral and antiinflammatory (23) (24) (25) characteristics of the royal jelly. In this randomized double-blind placebo-controlled clinical trial, we have assessed the effects of processed honey and royal jelly on the symptoms of CRF.
Material and methods

Trial design
Processed honey and royal jelly are made under standard-state conditions with the permission of the Food and Drug Organization of Ministry of Health and Medical Education of Iran. Several unpublished data from dissertations or phase I or II trials with a small number of cases have shown its effectiveness in ameliorating the symptoms of CRF. We conducted this single-center double-blind randomized study after obtaining approval from our local ethics board and after receiving registry codes from the Iranian Registry of Clinical Trials (Registration code: IRCT2015081423426N1). Enrollment of subjects took place between May 2013 and August 2014 at Shohada-eTajrish Hospital in Tehran (Iran). In total, 52 patients were randomized into two groups: 26 participants to the drug group and 26 participants to the placebo group. Demographic data (age and gender), type of malignancy, and its stage (based on TNM staging), type, and duration of treatment were recorded for each participant. Quality of life (performance status) was measured using The Eastern Cooperative Oncology Group (ECOG) score. Fatigue was measured using a visual analogue fatigue scale (VAFS) and fatigue severity scale, which is described elsewhere. The primary outcome resulted in changes in the fatigue severity scales and VAFS.
Participants
Inclusion criteria were as follows: age more than 18, having the diagnosis of a solid (nonhematologic) malignancy, visual analogue scale (VAS) more than 4, Karnofsky performance status (KPS) more than 70, serum hemoglobin level of more than 8g/dL with no abrupt decrease (more than 2g/dl) during the last month, liver enzymes not more than three times above the normal limits, serum total bilirubin less than 2mg/dL, serum creatinine less than 2mg/dL, and creatinine clearance more than 60ml/mi. Having one of these conditions, patients who had started chemotherapy between 6 weeks to 6 months before the start of the study and were supposed to continue chemotherapy for at least 3 more weeks; patients who had started hormone therapy at least 3 months before the start of the study and were supposed to continue the treatment throughout the study period; patients under radiation therapy who were complaining of fatigue; patients whose treatment had ended but still were complaining of fatigue; patients with hypersensitivity to honey, uncontrolled cardiac or respiratory problems, any other serious medical condition, including severe infection or uncontrolled pain, pregnancy, major depression, taking medications with potential effects on fatigue, such as psychiatric medication (anti-depressants, psychostimulants, etc.) or growth factors such as erythropoietin, were excluded from the study.
Interventions
Processed honey and royal jelly are homogeneous substances with the consistency of a fairly fluid paste. They are yellowish in color with brown tinges, have a slightly sour flavor, and are partially soluble in water. Analysis of the characteristics and composition of processed honey and royal jelly was done in Kimiafaam (http://en.kimiafaam.com/bee.php), which is the reference laboratory of the ministry of health. The final product was controlled based on the amount of 10-hydroxydecanoic acids by high-performance liquid chromatography (HPLC) method at two reference laboratories: Kimia-Novin-Azma and Pharmacognosy departments of Tehran University of Medical Sciences. The physicochemical characteristics of processed honey and royal jelly are shown in Table 1 . The study group (26 patients) received processed honey and royal jelly, while the control group received pure honey (without royal jelly). Both groups were instructed to consume their supplement of 5mL twice daily for 4 weeks. Both groups were assessed at the beginning of study, after 2 weeks, and then at the end of 4 weeks of treatment. 
Outcome
All patients were evaluated before treatment, on the second week, fourth week, and after intervention. During each visit, fatigue was measured using a VAFS and fatigue severity scale. The primary outcome resulted in changes in the fatigue severity scale and VAFS.
Sampling
This study was performed on 52 patients with histologically proven breast cancer, stomach cancer, esophagus cancer, colon cancer, rectal cancer or prostate cancer, who were treated with hormone therapy, chemotherapy, chemo-radiation, or radiotherapy and able to declare their severity of fatigue and were included in the study. These patients took either processed honey and royal jelly (study group) or pure honey (placebo group) after considering the inclusion and exclusion criteria.
Randomization
Fifty-two patients were randomized into two groups, and randomization was accomplished by computer using dynamic allocation with an established algorithm that balances the marginal distribution. The patients were allocated randomly into the two groups: 26 participants to processed honey and royal jelly and 26 participants to pure honey group of the same shape. After treatment and randomization, the patients received either processed honey and royal jelly (study group) or pure honey (control group) of the same shape. The patients and physicians were not aware of the kind of medications that had been selected for them.
Blinding
This was a double-blinded study because the kind of medications used for the patients and physicians was blinded to the allotted treatment, and the analysis was based on the treatment received. We tried to diminish the bias by blinding the patients, staff, and physicians of the clinical outcomes data to the type of treatment that was used for each group.
Statistical methods
Both groups were assessed at the beginning of the study, after 2 weeks, and then at the end of 4 weeks of treatment. At each visit, fatigue was measured using a visual analogue fatigue scale (VAFS) and fatigue severity scale. Changes in the VAFS and fatigue severity scales between baseline and each follow-up visit were documented. The results were compared between the two arms of study, those with processed honey and royal jelly and those with pure honey. Equality of probability distributions was assessed using the Kolmogorov-Smirnov test. Wilcoxon and McNemar's statistical tests were used to analyze the data.
Research ethics
All 52 patients signed informed consent. The ethical regulations dictated in the act provided by the research center of Shohada-e-Tajrish Hospital in Shahid Beheshti University of Medical Sciences (reference number of research ethics committee: M/269) were strictly observed. The data are preserved regardless of the patient's names.
Results
The study included 52 patients (21 males [40.4%] and 31 females [59.6%}). In the study group, nine patients (34.6%) were male and 17 patients (65.4%) were female. In the control group, 12 patients (46.2%) were male and 14 patients (53.8%) were female. The mean age of total patients was 54.84 years, and the mean age of study and control groups were 55.42 and 54.27 years, respectively. The study group included 14 patients (53.8%), and the control group included 13 patients (50%) that had breast cancer. Two patients (7.7%) in the study group and no patients (0%) in the control group had stomach cancer. In the study group, three patients (11.5%) and in the control group one patient (3.8%) had esophagus cancer. In the study group, no patients (0%) and in the control group three patients (11.5%) had colon cancer. One patient (3.8%) in the study group and no patients (0%) in the control group had rectal cancer. Six patients (23.1%) in the study group and nine patients (34.6%) in the control group were affected by prostate cancer. In the study group, 12 patients (46.2%) and in the control group 14 patients (53.8%) received hormonal therapy. Two patients (7.7%) in the study group and four patients (15.4%) in the control group were treated with chemotherapy. In the study group, five patients (19.2%) and in the control group one patient (3.8%) received chemo-radiation. Seven patients (26.9%) in the study group and seven patients (26.9%) in the control group were treated with radiotherapy. There was no statistically significant difference between the two groups in terms of mean age, type of cancer, and type of treatment. The patient and treatment characteristics are summarized in Table  2 . There were not any differences between the study and control groups before treatment as FSS, ECOG PS, and VPSS (p=0.541, p=1, p=1, respectively). After two weeks of treatment, the mean FSS was 5.31 with SD of 1.258 in the study group, and it was 7.46 with SD of 1.067 in control group with statistically significant difference (p<0.001). This difference was more prominent after the fourth week of intervention (p<0.001). After 2 weeks of treatment, the mean ECOG PS was 3.69 with SD of 0.884 in study group, and it was 5.5 with SD of 0.906 in control group with statistically significant difference (p<0.001). After 4 weeks, ECOG PS due to treatment was better in the case group compared with that of the control group with statistically significant difference (p<0.001). After 2 weeks, the mean VPSS was 1.69 with SD of 0.618 in patients were treated with honey and royal jelly, and it was 2.46 with SD of 0.508 in patients treated with pure honey with statistically significant difference (p<0.001). This difference was more prominent after the fourth week of intervention (p<0.001). Comparing the basal fatigue severity scale with the scales measured at 2 and 4 weeks after the intervention showed that the participants in the study group did have lower fatigue scores, and this difference was more prominent after the fourth week of intervention (Table 3) . 
Discussion
The exact reason for cancer fatigue is unknown. CRF is multifactorial and may be related to both the disease process and treatments, including surgery, chemotherapy, and radiation therapy. Several etiology factors for the progression of CRF have been suggested, but there is no lab test for identifying CRF as objective method (13) . Therefore, a wide range of causes of physical, emotional, cognitive, and psychological often cannot easily be separated from the development of CRF helps. Some of the proposed mechanism include cytokine dysregulation, changes in serotoninergic CNS, a disorder of circadian secretion of melatonin, and the sleep-wake rhythm, and polymorphism gene regulatory proteins of oxidative phosphorylation (13, 16, 17) . Besides, numerous other factors can contribute to the severity of CRF, such as poor nutrition, anemia, hypothyroidism, medications for other illnesses, pain, stress, and depression. Some of the medications whose safety and efficacy have been studied in randomized controlled trials include hematopoietic growth factors, psychostimulants (such as methylphenidate and modafinil), corticosteroids, Donepezil, multivitamins, thyrotropin-releasing hormone (TRH), and phytotherapeutic agents (Ginseng) (14, 15) . The study by Moraska et al. on 148 patients with at least one month history of CRF, methylphenidate, as compared with placebo, failed to improve CRF. A subset analysis, however, suggested that patients with more severe fatigue and/or with more advanced disease (e.g., in patients with stage III or IV disease) did have some fatigue improvement with methylphenidate (26, 27) . Effects of antidepressants on alleviating the symptoms of CRF have not been promising either. Several studies have shown that medications such as paroxetine and sertraline-although able to reduce the symptoms of depression-have no influence on fatigue in patients receiving chemotherapy. A possible explanation could be that CRF does not involve a reduction in brain 5-HT levels (28) (29) (30) . Several studies also have evaluated the effects of various food supplements and herbal medication of CRF.
Coenzyme Q 10, L-Carnitine and guarana have been evaluated in placebo-controlled trials for CRF; however, they have been found to be no more helpful than placebos (31) . In contrast, some studies on supplements and herbal medication have shown promising results. Barton et al., in their study on 364 patients, showed that consumption of American ginseng, 2000 mg daily over an 8-week period, can be beneficial in alleviating the symptoms of CRF (31) . A study on the effects of Bojungikki-tang (a widely used herbal prescription in traditional medicine in China, Japan, and Korea) on 40 patients has also shown promising results in managing the symptoms and improving quality of life in patients with CRF (32) . Several studies so far have shown antioxidant (15) (16) (17) (18) and immune-modulatory (19) (20) (21) (22) characteristics of the royal jelly. Therefore, it seems that it might be effective in improvement of the symptoms of CRF. Some studies have even shown anti-tumoral and anti-inflammatory properties of royal jelly (23) (24) (25) . In this study, a processed form of royal jelly proved to be beneficial in the management of CRF. Kamakura et al. investigated the antifatigue effect of royal jelly in male mice and reported that royal jelly can ameliorate physical fatigue after exercise (33). Fauzi et al. investigated the anticancer potential of Tualang honey (Agromas) in human breast and cervical cancer cell lines as well as in the normal breast epithelial cell line. Their study showed that Tualang honey had significant anticancer activity against human breast and cervical cancer cell lines (34) . Another study on 30 patients showed that the use of Life-Mel Honey in patients who are at high risk of developing neutropenia as a result of chemotherapy decreases the risk of pancytopenia and the need for colony-stimulating factors (35) . The Erem et al. study showed that royal jelly may be effective as an immune-modulatory agent in Graves' disease (36) . Another study demonstrated that 10-Hydroxy-2-decenoic acid from royal jelly may be of potential therapeutic value in inhibiting joint destruction in rheumatoid arthritis (37) . Our study also showed that royal jelly can be considered as an effective treatment modality to manage CRF. Royal jelly has no known adverse effects, and, following the recommendation, the patients' compliance was excellent, as it was considered as a food supplement, not a drug. Our study faced two limitations. The first was the number of cases. Although we recruited more participants than needed, and the number of our cases was more than that of many similar studies, still the number of cases was quite small. The second limitation was the short duration of intervention. Trials with a larger number of patients and longer duration of intervention can further clarify the role of processed honey and royal jelly in managing CRF.
Conclusions
In this uni-centric, double-blind, randomized clinical trial, it was shown that processed honey and royal jelly had a strong effect to ameliorate CRF. While modern premedication or postmedication drugs such as hematopoietic growth factors, methylphenidate, and donepezil can reduce CRF, the application of traditional processed honey and royal jelly treatments to ameliorate CRF requires an intentional transfer of historical concepts to modern treatment drugs. However, more research is necessary to understand its exact role in this regard.
